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INTRODUCTION

Various types of catalysts have been used for coal liquefaction. Among
these catalysts, molybdenum and iron catalysts are most frequently used and
they are usually combined with other metal oxides. Molybdenum catalysts, in
the form of Co/Mo/A1203 wherein this notation represents some form of the metal
oxides and the last species is the support, have been used in the H-Coal
process. In others, iron catalysts have been used in the form of red mud which
is mixed with elemental sulfur. The activity of iron catalysts has generally
been regarded as low when compared with that of molydenum catalysts. However,
iron oxide catalysts became highly active for the conversion of coal-related
model compounds when used in the presence of HZS and HZ’ For coal liquefaction
in the absence of a heterogeneous catalysts, the use of a mixture of HZS and H2
instead of H2 resulted fin 2an increase in convers1on.1 Because of the
interaction of HZS with Fe203 and the fact that iron is presently the lowest
cost transition metal, iron was selected as the basis metal for a new set of
heterogeneous catalysts specifically designed for coal liquefaction using the
HZS-H2 reducing gas medium.

EXPERIMENTAL

A series of 26 iron oxide catalysts were designed and synthesized. The
supported iron catalysts prepared are 1isted in Table 1. The selection of the
supports were based on the following objectives.

1. To clarify the effect of SiO2 surface area, S1'02 supports for catalysts 1,

2, and 3 were prepared at different pH's from a Na-free SiO2 source,

2. To examine the effect caused by use of a different starting material to
prepare S102, catalysts 4, 5, and 6 were prepared from sodium metasilicate

at different pH's and can be compared to catalysts 1-3.
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10.

11.

12,

To examine the effect of the precipitating reagent, catalysts 7 and 8 were
prepared from S1'(0C2H5)4 with H2504 or NaOH, respectively. Catalysts 7
and 8 results are to be compared with those of catalysts 1 and 3.

To examine the effect of basic supports, metal oxides with basic
properties were used for the supports of catalysts 9, 10, 11, 12, 13 and
14,

To examine the effect of the sulfate ion on the TiO2 support, it was
prepared in the presence of sulfate ions and the resulting catalyst 15 is
to be compared with catalyst 14.

To examine the effect of additives to Fe/SiOz, small amounts of Mo, W, Co,
and Ni oxides were added (catalysts 16, 17, 18, and 19) to the Fe203 on
the surface of the catalyst.

To examine the effect of the sulfate and nitrate anions on the deposition
of the iron layer, catalysts 20 and 21 were prepared.

To examine the effect of acidic sites on the Fe/S1‘O2 catalyst, sodium- and
potassium-poisoned catalysts were prepared (catalysts 22 and 23).

To examine the effects of the commercial TiO2 and 5102 supports, catalysts
20 and 24 were prepared to be compared to catalysts 1 and 14,
respectively.

To examine the effect of activated carbon which boséesses an extremely
high surface area as the Fe203 supports, catalyst 26 was prepared to be
compared to catalyst 20 (5102) and 24 (TiOz).

To examine the effect of a simple admixture of Fe203 and 5102, catalyst 28
was prepared to be compared with catalyst 20,

To enable comparison to a known commerical hydrogenation catalyst,
Co/Mo/A1203 (catalyst 29) was included as a part of the series.

The catalysts were subjected to two reactions: hydrocracking of

diphenylmethane to toluene and benzene, a model compound for the Ar-C bond
cleavage of the coal structure, and hydrocracking of diphenyl ether to phenol
and benzene, a model compound for the Ar-0 bond cleavage of the coal structure.
The reaction conditions for these reactions are summarized in Table 2,

RESULTS AND DISCUSSION

The design of the iron oxide catalysts was based on the following

experimental findings.

1,

For the hydrocracking of diphenylmethane, the effect of HZS addition was
augmented with iron oxide cata]ysts.3
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The promotional effect of the HZS addition on the catalytic activity
varied with the preparative method for iron catalyst.3 Among Fe catalysts
supported on Sioz, Zroz, and Tioz, the Fe/SiO2 showed the highest activity
for the hydrocracking of diphenylmethane,

The Fe/TiO2 catalyst was active not only for hydr?fracking of
diphenyimethane but also for hydrocracking of diphenyl ether.

Besides these findings, it has been generally observed that the catalytic

behavior of active components vary with the types of supports.

The time dependence of the diphenylmethane conversion is depicted in

Figure 1. The value of 20 minutes reaction time was selected for the tubing
bomb tests in order to differentiate catalyst effects.
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Fig. 1. Time dependence of conversion for hydrocracking of
diphenylmethane. Catalyst, Fe,0,/510, (catalyst 20);
catalyst/reactant, 50 mg/500 mg; reaction temperature,
425°C; pressure at room temperature, H2 700 psi, HZS 100
psis and reactor, 12-ml capacity.
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Fig. 2. Conversion of diphenylmethane (—) and diphenylether
{~--) with various catalysts.

The results of the catalytic reactions are given in Figure 2, For
hydrocracking of diphenylmethane, the activities vary with different supports.
This indicates that an interaction of Fe203 with the support occurred. The
activity increased with an increase in surface area of support {catalysts 1, 2,
and 3). Enhanced catalytic activity was cbserved by addition of Mo (no. 16), ¥
{no. 17), Co (no. 18), and Ni (no. 19) oxides to the surface Fe203 as compared
to Fe/SiO2 (no. 20). The introduction of sodium or potassium to Fe/SiO2
eliminated the catalytic activity {(nos. 22 and 23 vs. no. 20)., Similar
phenomena were observed for catalysts 5, 6, and B, which possibly contain
sodium on the support. The sulfate ion had a negative influence on catalytic
activity, cf. catalyst 5 with 2,
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For the hydrocracking of diphenyl ether, the catalyst containing Mo and Fe
(catalyst 16) was twice as active as the iron oxide catalyst. However,
hydrogenated products such as methylcyclopentane and cyclohexane were produced
in larger quantities with catalyst 16 than with 20. The Fe/SiO2 catalyst
activity increased with increased surface area of the support (catalysts 1-3),
and was poisoned by sodium and potassium ions, cf. catalysts 22 and 23 with 20.
The presence of the sulfate ion again retarded the Fe/SiO2 activity, cf. nos.
15 to 14 and 20 to 21, as it did with diphenylmethane.

In general the catalysts required the presence of hydrogen su]fide4 and
the commercially supplied sample of silica with its high surface area worked
very well, The pH of the silica preparation method proved to be crucial to
generating high surface area silica. The catalysts in which the iron oxides
were deposited on silica exceeded or equaled the activity of a simple admixture
of iron oxide and silica (catalyst 28). The iron oxide catalysts were the
better than the commercial hydrogenation-hydrocracking catalyst Co/Mo/A1203 for
the hydrocracking of diphenylmethane (e.g., catalyst 20 vs. 29) but the latter
exhibited both hydrocracking and hydrogenation ability. However, the
Co/Mo/A1203 was more active in the conversion of diphenyl ether.
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Table 2. Reaction conditions

Ratio of Pressure (psi Reaction
Temperature reactant/catalyst _cold charge) time
Reaction {°/C) by wt. HZS H2 (1 min)
Hydrocracking of 425 10/1 100 700 20
diphenylmethane
Hydrocracking of 425 10/1 100 1400 60
diphenyl ether
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